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Fig. 1.1 General map of area and major place names referred to in ths report 
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6.0 ASSUMPTIONS AND INITIAL CONDITIONS 
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Fig 6.1 Lacapans of concentranons of sea omers as indicased by wanseci counts. 
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7.8 SURVIVAL ESTIMATES 
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where |, denotes survival to age x, F is a concerned with carly survival, G 
denotes adult survival, and D and E control the onset and duration of senescence. T wo 
and survival curves need tw be considered. The 
(x) are coded apelin weaning (ws 6 mo 
ages (x) are a 
ap tera tes cS tasnin capa, to meman obeeen This 

ety a ey individuals as either 


(of 
the most intensive 
will need to be based on 


eonr-neneeenreeerne nee er @ 
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Fog 7 | Ages of female wa oner colleced dw wemern Alewnan \siands  eipermenal harvests © 
Sepeember and Ocsober @ “female” arems. prior © 197) 
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good fir w the data of 
2.09, 6 4.£) as is evident in Fig. 7.2. A somewhat lower rame was estimated for ages 4-12 


SE 347), 
° Son 


Aleuuar \siands 

Survival rates drop off if older animals are included in the sample. so 
og. (7.1) was used to investigate CRS SGC? relating 
ay hr uaeeaamaamaaaay as we can denote the number (n,) in a 
given age as 


aie Do fe 1) es 
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Fig 7) Fa of 0 marwrvorsiup curve (eg (7 |)) w ages of femaie omer collecand wm thee werern Alewuar 


A here us that survival calculated from A these 


will substannal)y 
Roba method Ts can be aarand (ig 74) by comparing te expect vues 
Pig. 7.2 with those of Fig. 7.3. Clearly, the 3 parameter curve does not agree with 
the constamt survival rase obtuned by the Chapman Robson method 


7 
e 
lie 
“ 
° 


Fug 7 4 Eapecund values fore comma survrwa! rat hand on dhe Chapman Rotace meta Fug 9 0 
compared wah thome calculaed from s curve moorporsang wmesceme Fig 7 |. 


The basis for the problern can be exhsbued by exarmmng “senescence functioms ¢ 


Cner Es) |) fon different values of the standard devianon ($1) of the moxial age of 
senescent death (T). Such a plot (Fig. 7.5) shows that the larger values of Sy result in the 


effect of senescence being apparent at relanvely carly ages 
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Fig 75 Semescence curves for seversi values of te suandard drama ($7) of the modal age of seneacen: 
death (T). The modal age was eet at Tel 5 for these curves. 


= 1, then Pig 75 
age 12. the annua! 
ages 412 915) and 


4 6 6 F 8 © 1079121314918 7169718 
AGE 


Fug 76 Sarwrwarsiup curve for femaie Alewuar see cuert based on annual survive of Sa) 9)" menial age 
of senescence of T+\ 5 and gandard Gewiamoe of Sr! 
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ee a somewhat bemer fir but oo 


kety thes aging 1s much less for the cider age classes 
Tu sd ce ee ae ee ape dhe de 


sianaeteniaelete tedean 
13 Cabformua age soucuue Gas 


ae een aa 
the ving The Calforma Department and Game has collected carcasses 
of sea otters dead for many — heh te ay, 


local museum, and a tooth was hy yee 

po eee anornaly 
wt a ee ene He individuals in 
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Uo we let 4, represen 
a+! it @n4.cl- | 


— nes fe pop 


emer te ey pee a t” 
% manonary and of uze N chen che 
we can Cakculae Ghee number Gyimg af age 1 (: 


My = (hallle - beoi) os) 


8 as pven meg 7 |). then Ge parameter F cancels = ewmersax and dencemenaicr 
wd at ef Sogn ec cae Ry Fw me 


Uf survrvarsiep remains constamt beyond some age (¢) then 
\, = ke" and the sumber dying » the wuerval 


iy * NC ~ hang) = NOt ~ at?) 
aiaiieamniion OA) 
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4 6 6 ¥ &© 8&8 £8 44 £2 £3 44 98 
ace 
Pig 7 © Sarwrwursp curve fund © ages a Geatt of femaie ( shiforms we comers Sa) WR Te 


The madal age of senescence (T=/0 |). combuned with a tngh standard 
devianon (S7 © } 6) results in reducnon of adult survival rates Ww | low levels 
posmble explananon is thar the okder anarnals wert nor represenied 
museurn callecnons If we use caloulased for the Alewnan age structurt 
(T+13, Sr=4.2, and $<0. 982), then the curve for ages at death 
ame eodenethetl tect ena produce Fig. 7.6 and sousing abet 

) w© 
tha: che curve adheres w the wend of the observed age 
for ages 4 10. but that most of the older arernals are sarmply massing from the 
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survival 
in Pig 
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AGE 


Fig. 7.11. Expecesd Gistribuion at age of Geath using senescence parameters (T= 15. Sy=!) used for Fig 7 6 
and survival rast (S<0 925) obemaned fram Chapman Robson method compared eth observed ages a deai> 
for female Califorms sea omer: 


8 10111213 14 95 
AGE 


Fig 7 12 Pu of Chapman-Robson survival esumase ( complest” method) to ages at death of female 
California sea ouers (S<0. 778, $.B.=0.018). 
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ee 1982 to 1985 (Fig. 7.14) and is 
“complete” counts of the omer range. 


LOG COUNT 
eececcerreees 


Fig. 7.13. index counts of selected areas of California sea oner range, 1976-1982. 
TREND DATA 


1982 1983 1984 1985 


Fig. 7.14. index counts of California sea omer range, 1962-1985. 


L6 Pup survival rates 


The survival rates estimated thus far have been concerned with survival of 
otters, presumed to be older than 6 months of age. Survival of pups (6 
of age or has been by examining a large sarnpie of 
observations of relative numbers of " and “small” pups per independent otter, 
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collected over the 1976-82 by Calif. of Fish and Game and US. Fish and 


z « 
+ * 3 
= 


contrasting relative numbers of 
7 rhe ape meet bay numbers of small 


pups 8 ee eae Spee canara eae 
praducnon of smail (January- would March to August 
The chouh Ge. 7.10) ens emda more 


LA = (S*/S'XS/) 


the cube root of b as an estimate of 
sa survival rate. Transforming 
survival rate of 
male and fernale oners from 
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Fig 7 16 Relanve numbers of “large” pups (3-6 months of age) as a funcnon of relauve sumbers of 
“gmail” pups (0-3 months of age) Number: expressed as manos © numbers of “independent” (free 
fre ummimg) ouen 
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cycie of Alaskan sre omer: Puppng rams art assumed w be 0 10 for Apri 
a fos af) othes mamths of dw ves 


that pregnancy lasts 6 months and the fernaie i) 
6 months of the year. the annual pupping and 
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Fig 2 Assumed «ycles of pregnancy amd puppeng for Alaskan sea omert 
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6.2 Pregnancy dasa 


Schneader Table |) reported rates for female oners 
taken m expermnental am the Ajeunan Islands He nowd that the hunters deliberase!y 
avoaded shooung females with pups. so that data for those months in winch a 
of females were accompamed by pups (late summer and fall) would 
baased esumates of pregnancy. due to svosdance of the individuals 
accompamed 
few pups. 
thus seem 1 conform tw the presumed pregnancy 
months. 
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Fig &) Observed pregnancy rases m a sample of sea ouers show in the Aleuuan islands (Schnesder 


oe 
PSPs 2 ES RES EG 
wonTh 
Fug 04 Page per undepemder: omer oberrved @ Pome © diam Sound Alaska One cymes oni airy 


oberrved. soled chow expecend volun 


data collected | one Amchatha Isiand as 
Or te 
dafferent months were collected over § differen years 


> > = - 
« « 
~ - 

MONTH 


ee ee 


Some more recent (| 987) observanons (A Johnson. personal communication. Apr! 25 
1988) from Amctetha do. however seem wm reasonable with the assumed Cyc ie 
although lamated to the months of October to February 8.6) Johnson's (pers 


. 


a a a ee 
sfei5' 


Mia, 06 Remperrtntueateenteemnten Aateeabteetin 8 0. Rtnne.cuned 
comemarecmne Ome are evmiabie for the Ociher © February parent only 


set is available on small pups (presumably } months of age or jess) 
So 


Fig & > Smal pups per mdependess omer observed 2 ( akforme 
Se ars 


PSE PER ERS EG 
MONTH 
Fug BB AD pups large and wail) per ndependen ome for ( aidorme and Prmce Wiha Sound! Alaska 
6.5 Loserval between baths 


Giscussed thus far is artificial in that « assumes a full cycle is 
weil be the case for the mayonty of individual females. bur 


The cycle 
observanons of suggest that the interval berween births may be vanabic 
a a year for some females. The extensive set of data is 
char al 1% 
s. 


1984) Sance the data are on repeaied of the sare 
female omers. there is uncertanty as to the exact dates on acour (Fig 


| Reproductive cycie (T+—— | 
(Birth) (Birth) 


pa en ep eee 
oe one umes peer an oes ewan ete Cai wees els a Bm fer eter Oe 
indrvidual wes accampaned by 0 pup True cycle er © ter onda aid teioe low ele nee es 
[oF meme ered en em esumeers frum eres ae we 


Data are available on reproductive inserwal (Wendell et al | 984 Table 2) for 26 
£10) Due w the uncertainty as to the exact Game when births actually cccured 
for most esumates of cycle were cakculamed here as the average of 
mauutmcn and menamurn imerval 8.9), wtach is the same as takong the mad 
of the wmervais berw-ven last of females alome and firs: observanor of 
te rte ee ta te 09. there are various 
cambanapons thal maght be usec © estas the reprodactve ie. 


Tame 207% 
mm *%~ ty 
Ty ett 
Th*%-%& 


and the alternative possbuines: 


These are. however equivalent 
Tove * (Tones * Te? © (T) + Tey? 


The difference between the maumurn and manwnurn esmmares represencs che 
uncertainty as to actual duranon of the rue wuerval Since some of these differences art 


pried of cacerainny The pres sama ianval of 144 monte cts stander ae 


fret mens imerva of 144 mma, whch 
unweighted mean (aiso |4 4 months) The median wmerval is shorter being abou |" | 


o 
rd 
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TOT 
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agent lemee wo tee are ew FB ee 


berweer te difference hereeer maximum and tenet 
811) does not show much evudence of Correlance 


|) alam gave eset of data on pup depencdern » 
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rate can be obtauned from the of the 
ae, ey 
Tanaga Island sampie. in 
for a wxal of 76.3 
occur Gwoughout the rest of the year, it 
support an annua! reproductive rate on the order of 
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9.0 POPULATION MODEL 


2 Mahenanca sucure of the populanon mode), 
The model used in thus study ss essennally a Leshe mam mode! umpiememied 


without matrix mathemancs. The bamc mode! has The firs: 


J 
La Lem hm 6.1) 


arr 
—. 


iterinve solunon of -1) is required, — 
in cet hee 8 iaenaine 


successively smaller 
smal] range (usually about 0.0001) of unity 


we start out with an initial age vector based on og. (9.2) and a toul 


Survival to the is Computed by applying 
pantnant np hn 


next okdest age class in the 
year's vector The first age class of the nex! year's vector is produced by 
cach age class of the 


Since 
cass cuuddued toot Cousing 0 eaoute of oon Vird-eums ex extiglied by 
survival for the first 6 months of life to the m, rate used in the made! The age 
structure thus corresponds to " otters (older than weaning age) 


Outputs of the second stage of the model arr thus constructed as a senes of age 
vectors, L.¢., age structures of the population at yearly intervals. 


The initial version of the ccet “wer made! (“UNIMAK"™) was written in the BASIC 
computer language. and produces the . described in the previous section The 
program and sample outputs are includ i in the appendix w thus report (Sec. || 3) This 
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pa ante ep le ey enna ee ect ep Sa ab ae 
to have a model in a standard BASIC program can also readily be converted 
to FORTRAN or other standard codes if needed. However, we found that a and 


of the model could be accomplished in “spreadsheet” A 
—~ of the essennal para:octers and outputs can easily be presented in 


1s that 
tabular form, and major segments of the mode! then can be printed out on a single page 


The same result could be obtained with one of the standard 
The main here is that the enare model is structured in a standard, 
available format pe me Np cate ph ppm me pene 
reproduce model without © a 

Sip tey lien, ont Goes eataned peandiier dda? aaman pay 1 wel momo 


on a Microsoft MULTIPLAN 
be converted to Microsoft's (a 
a lithe more difficulty) into LOTUS 1-2-3. 
are available on [BM and 
can be run on most of the current 


le = expl-F Gx -Die®-.1)) (9.3) 


and the values used initially are G = - log(S) with $<0.982, D = 0.04526 (T+13) and E 
0.2381 (Sr = 4.2). These 3 parameters gave a very fit to the observed data (Fig 

7 3) Another set that we fee! should be further is Se 0.915, Tel5S, and Sr = |, 
as exhibited in Pig. 7.6. As noted in Sec. 7.2, the senescence parameters used in og. (9!) 
can be calculated the equivalent forms (T, Sy) as D = exp(-T/Sr) and Bx 1/Sy. The 
value of F (0.051 3)used was calculated from the age data on otters (Sec. 7.4) 


The reproductive curve used here is. 


$0 


m, = All - 8 Ojexp(-Die™-1)) (9.4) 
Since recrustment tw the modelled Occurs al (6 months of age), a 


rate (here assumed with half the young born being female) needs to be 
rapt a 
$*/S' = 0.723 
where S* represents survival from about 3 months of age to 6 months of age and S 
denotes the corresponding survival of “independent” (free-swimming) otters. 
Inasmnuch as S represents the survival of both male and female oters,we 


used a value based on the rates from the only available data on both 
male and otters, the California age structure data of Sec. 7.3 survival, Si = 
0.723, female survival, § = 0.925) and weights from the equilibnum 


Numbers of females surviving from annual recruitments of N females are: 
N(1+S +S? +S? + _.) = NAI-S) 
and numbers of males surviving from equal annual recruitments of N males are 
N (1 +S1+S12 +S) +.) = NAI- $1) 
Hence a weighted estimate of S' is obtained from: 


Tis) ASD 


substituting the values of S (0.925) and $1 (0.723) given above gives S = 0.882, with the 
value for 3 months (0.882)'* = 0.969. 
Hence $* « 0.7235 = 0. 969) = 0.70. Survival for 6 months then can be estimated 


as (0.70? = 0.49. Consequently, A = 0.900.702 = 0.220. Siniff and Ralls (1988:Ch. 2) 
monitored 19 pups by telemetry, and estimated survival to weaning as 0.57. 


was taken as age 3, which is actually 42 months of 


ree bg ete ee te pape 
resulting |, and m, Curves are 


$1 


a3 
a2 
bar 


-33a33d5d9aa 5 


10 Year projection with maies and femaies 


10 Year projection of femaies only 


Pig. 9.2. Components of the population models used in this suady. The basic model is “OTTERS” which 
eU up 2 sable age distybwoon for each of the proyecucn madels shown linked to 


$2 


Ne nee 
dastnbunon set m, Curves previously 
described An — appears as Table 11.1 ia Sec. 19. 


A projection model with two sexes (OTTERS2°) is Mustrated in Table 112. 
Calculapons needed to the two sexes and set up the male table proceed as follows 
An essennal a male survival rate, which is available only from age structure 
data for as discussed in Sec. 7.3. We thus have to assume the male survival rate 
to that of females in the same rato in Alaska as in California, and calculate 
the needed male survival rates the ratio of rates obtained in California (i.c.. $! the 
male survival rate, is calculated fernale rate (S) by 0.723/0.925=0.782, the 
rano of the rates estimated in adult male He ow | 
fernale rate is then used with the other parameters 
is eamemsed Goo camo in euuteo and hauted fn 0a ~ ay 
the rate of increase of the 


9.3) by using sex rato (R) at birth, which is here assumed to be 

berween the two age structures. the tow! 
populanon size (NT) can into males and females (N,). This then gives 

araltsnhankdeduatns donstanedotianemennte 
i by sing the survival rates. The fest eunry ia each age vecter is identical wo dh 
since the sex rabo at birth is assurned equal (and for the firs: 6 
equal) We thus have complete age structures for males and 

females. The approach can be summanzed as follows. 


$3 


wit C, a CY of male and female recruss (age class zero) wn the stabie 
age Gastibunons of 3. 


eee Sen Seer ao cen Sie thee. LE, Geenieies 
veal conan. Te eal an program (OTTERS), Le. chat the populanon suze s 
Sesemeslous tn tho tomatic safer: soundieg erase ta exlociadions. 
of individuals are used in the calculanons, the rams of calculated from 
will reflect the value of the rase of increase caiculaied the Lotka 


— > the 3ed or 4th decamal In reality, the parameters developed carber for the 
propa OTTERS do nt qu 8 constant level. kt was necessary to 
a balance. Thus it is shown as 0.226 in 


nae 2 "eres clans gave 0.20 Sa 9.3) stove 
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Fig 9) Statte age Gasmribumons for make and female omert used w Cak wlaw male age structure fromm dau on 


The parameter esumates developed above 9 that i 
ry ee 
would remain at the reduced level, from some munor fuctuadons that result if 
the removals an age structure from the stable age distribution of og.(9.2). A 


realstc for cal spill effects then has to incorporaie of density dependence 
ae ee ee ee 


, lattle is known about in and 
Unfortunately, very —— dependence in general. and even 


‘ 
° 20 40 so s°0 1606 


PERCENT OF ASYMPTOTIC POPULATION SIZE 
Fig. 9 4 Magnitude of the pen by 0g (9 6) for various values of N/K The lowest line shown 5 


thai for the ordunary loguta (2@ 1) Ast mereases. Genety dependence begins to whe effect ony 
as he populawon becames relauvely Close ©  arympexx value 100%) 


shone 
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vasa 


Fg 0 Pogntiance wend of mextntind are omer populace afters samuimund on en!) 
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16.8 PARAMETER ASSESSMENT AND DATA NEEDED 


Thus secnos ce of vancus parametr esimairs anc 
conser neni fr tte) nd ot 


el apt tee fae pee ney 


= 
10.1 The bocusas appromch jo aMCEEnS Gace 3c) 


ne eee ee ee ete ap  e - 
——_ requires 8 way tw assess sources 
overall compadtbliiey. Thame &, for examele, ao aundasd techmaque for 

& variance estimate for the raze of change (A or o”) in og. (9.1), the Lotka 

a recendy methad 1982, Efron and 


See 
To avond some of the inherent in the structure of eqs. (9 3) and (9 4) 


we used a smplificanan et al. 1982) chat permics expressing og. (9.1) by a 
reduced eurnber of parameter 


. l 
edt ig wmf (30.1) 


“ 
Simaff and Ralls (1988 Ch 
day of observanon on |6 adult female sea omer dunn, 


a dasly rae of mortality is Cakculaied as p + 


$8 


ht seemns very Gowteful chat one can safely use Oe usual Duncemaa wanance here 
pa’s. with 2 = 7560. lnmead, we use Ge what amounts 
to taking random of the obwervanans 16 in@vidual adel: 
the survival esimax shove 


© tha cach has the same chance of 
Green ic cach survival for cach sucht set of | 6 observanon: 
equancn above The outcomes of tus can be shown a: 

as in he various Dlustranons given below yiekding a nomon of the 


of individual components fram the spread of the frequency distrbwnons 


Survival wo the of maturity”. calculated as survival 3 the 
entenainnamiedtiedeal inaeddneniaden at foaateted 3 


males combuned). so that we have. for eg (101) ke = _ The reproductve raw 
re re le ee 5 Sameff and Ralls (| 988 
2) and 5 of comparabie accuracy taken from the data of ot al. (1984) 
The four component used far eq (10 |) were each independently random!) 
Pn meg EMT the ixvidual sample wizes corresponding to the 
observed data 16, 18, 15, and end Go qutsemen ef cash exinan to computer Ges 


These 4 files were then used w calculate 300 values of A from eg (10 |). and the owicomes 
are exhubuaed un 10.1. The various ee 


lasted an 1) 8 For the presem example. 
BOOTS, AND BOOTS were wend to ponerse dom to cakcwlate the values of 


A summarized in Fig 10.1. 
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LAMBDA 


— F coger + denmeimm erm 8 VE oman of mentale germans Prom cr leemern’: hate me we 


Prom the spread of the cotumanes of A op Fig 10). « s Clem Gur Ge sample wars 


far Gwe waemer) Gay er madequae © mat wfarmanar show Oe cur of wxrtane 
le om te Se me - ~ = vr ly lee 
docs cn popuacion ovad (Pigs 7.1) and 7.14), we know that the California 


level for mary yeart eterna: Ow everage 
hut mdacating # popwiatcr Grcrtascg © 


uae cons ars 
aitaedmetfe 10.) os abo 
about 5% per year 


@ ©} wee adult female survive cee base 


ee ee ee ee 
a ae. ee i ee 


a 


*S 8s ee ee 8 


5g |) Sareeem eoueaees fore ieee) dae lower coped eu (ome feo age Geatriinee law 
all edi 


A wrrelas reewk can be ctmaaned try wsang the full eet of reproduc tet immer 8. 
esmmanes of Wendell eal (1984) discusand wn Section 6S arnt wbing a etighied 
eonmawe Ths gives Go eanower quand of cumemes chews ta Fie. 104 


Fig (04 Reproduce ve raues from smal sampir pane!) based on § observ auoms fron wiemeny daw 
and © woh senda accuracy from Wendell er al ( ) COMpared 0 distrvhyuar from full sample of Wende | 
elm lower panel) 


The sarnple for pup survival can be wmcorporanng data reported by other 
wmvestigators Jameson and Johnson (| 987) reponed that |6 of 42 pups observed with 
adult fernales — before $ months of age. and were thus assurned to have died 
Wendell et al. (198497) reported thar 5 of 12 tagged pups were known to have 

weaned. This then gives an overall pup survival rate of 40/72 = 0.556, winch 
was used in BOOTSA © an Gata set for pups The data on omer: found 
dead can be used as described im Sec 7 4 w estimate early survival This 1s accomplished 
wm program BOOT?. which sarmpies the age data of fernales aged | | 2. anc esmmnates the 
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survival cocfficuemt as nm Sec 7 4 These dau were then combuned wn 
t© provide a new set of estimates of lambda as shown in Fig 105 
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LAMBDA 
re 10S Estumanes of 4 ctmaened ~uth che enlarged daw wenples descrited above and using progra 


The average value of A obtained from 300 boowtrap samples is 0 987 whule the 
median is about 0. 985 This data set thus agrees well with the count data, ic. 
suggests the papulanon is nearly comstant As is in comparison with Fig 10 2. 
there is an appreciably smaller spread in the estimates: 


The estates of early survival from telemetry data were based on pup survival anc 
larger sample. we used addinonal observations on 
survival from age structure data calculated as in 7A, 
on data from ages 4-12 The calcwlanon is 


juvende survival rates For a 


survival and an estimate of 
but using adult female survival 


As an alternative approach. we can used the data of Ames et al. (1985), who 
reported 1&3 “wnmatures” in 708 carcasses of sea oners cider than pups packed up on 
Calforma beaches If we assume subadults to be | and 2 years of age. then thes 


Fespertn is Go papeiaten of eneep older Gan gaps ofl be pele =! . $5 « 
is - _ in Gus case, the denominator is unity, since all omers (older than pups) 


are considered, whereas before we considered only otters through age |2. due to the like! 
under represemtanon of the oldest otters in the sample aged discussed wn Sec 7} Lung 
the estima of adult survival of 0.915 (based on ages 4-12) gives 5, = 0.886. Using ths 
data in BOOTS2A (madified fram BOOTS? to incorporse the above calculanon on 


baottrapped data on proporpons of subadults cakcvlated m BOOT) grves values of 4 
shown in Pig 10.6, which has a mean value of 0.980 and a median of 0 979. a hutle less 
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than in Fig. 10.5. Also, Siniff and Rails (1987°Ch 6) found dus age clasmficanon 
(umateres”) > be one-year olds, but also found some | and 2 year olds in the 


by sea omens. 1 1s unlikely that the rates observed Can realism ally be 
aftermath of a reducnon in numbers of a populanon presumab!y io 
Thus is because it will take a number of years for the food 


of releases, lacamoms. counts and survey candinon 
Pucher (1987) A rough map of lacabons and a summary of the counts 
07 One small populanon (Necker Islands south of Sitka) is not 
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Releases in the area north of Sitka were made in 1965, 1966, 1968 and 1969, bur 
were grouped here at Gate (1968) with the wei — 
szes of the individual 10.7) ave those by 

number released. excep for the 


the weaghaed 
Data used here 
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SITKA 


ISLANDS 


KETCHIKAN 


—/ 


BARRIER ISLANDS 


Fig. 10.7 Approximate locations of sea otter transplants in Southeastern 


Alaska with corresponding population estimates 


1968 
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1987 
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1975 
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1968 
1975 
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1987 


21 
8° 
180 


of maze for the 


of the natural 
Islands whue 10.9 shows the Barner and 
Maurelle Islands data rates for the area north of Sika may be a bie 
lower than those in the areas, where annual rates appear to range from | 8 to 20% per 
year. Annual races of increase can be calculaied from year w year, but these vary 
penn es Fy ee at ete page that were actually 
from year to year. We thus need to use some kind of averaging process with 
mae ey hag tee 2 pn teen eee ta ten neg 
rather than absolute esumaies mumbers present Consequendy. near regresmons are 
used on the logarithms of the set of counts for cach area. Since it is unlikely that al] omers 
present are actually counted. an estimmase based on the current count and the number 
be an underestimate of the actual rate of increase. because the 


10.8 shows regression 
mnateaae 


© 254.9087 + O.1317s Ra O91 


y © «337.1202 + O72 Re Oe 


ss . ee ee ee ~~ 7 - 7 - . 
‘ere 6087s) 6 6feTe 'ee0 1982 ‘eee 86888 'eee8 


Fig |O 8 Regresson Wnes fumed w logarwhens of sea omer coun for area north of Saka Fig 10 7 and 
owns of omer un the Coronauce islands area Silage: of gress lines appron mane logar@ym. nme 
rmes of mereane 
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yo -3703005 +G183Gs Ao Gee ° 


3 
tere = 6te7e 687 6 6feee 6 6feee 6 6feee eee eee 
vEAR 


Fig (0% Rogresmcms of aause logartitens of Coun of ane meri dw Maurtlie and Barrier | siarte 
me 


The relanvely populanon growth observed in southeastern Alaska make « 
ogee sutendiocendiondenties Geotumetieenntiationts 


that the senescence curve of Fig 7 3 s unlikely © suppor the mgher growth curves. and 
thus needs to be replaced with that of Fig 7 6. so that adult survivorsiap remauns high out 
to about age 12. With this (Me 0.305210*, Be 1), adult survivorship to 


— atm vear 
ae soe ef Sec. 9.5 (Table 11.1). To achieve a sane of increase of 
per year necessary © assume that mos! adult females abou 8% | 


repraduce at age | rather than age 4 as previowsly assumed 
serve t© actweve 


Ne pte Ne ee ey a gy 

relatively high growth rases. but we have no data on wo hase a of a part ular 
set However i does appear evxdemt that both early and adult survival mus! be very high 
along eh repraductive raaes and even so annua growth rates of 20% are nm 


actueved unles cxiensive repraducton begins at age | 


ln the abaence of exsemerve 


no rehable way to arnve at an 
enpresson is that the population may have heen relanvely Comstarm for a 


of ome One may then assurne an 
pone he g on the order 


there may be other farces leadang to increased adult mortalines im thal arta. 100 


ln the aftermath of an oi] spill, we can assume at bp te atoms 
in response t increases in food associated with 

denmty However, it seems foad condipons will approach an the the 
newly invaded areas of Southeast uniess omers remain absent for many yeart 

Hence a realisnc choace of parameters may be one based on mages! emprovernents over 

rates observed in Califorma Adult survival in the range of 92-95% mmugtu thus be assurned. 
with annual rates of about 90%, and survival tw age | on the order of 70-80% 
Corresponding annual rates of increase then may be on the order of $-10% per year 


Seed ee (OTTERS ed OTTERS wd cd Se 
NOOLTOLAN qo Sind OTTERS ed wna of ce 
mabie age Gstnbunon whch were —- eee 


ey ein 


Since LOTUS does act permit “lake” 
oven necessary far the [RM-compasibie vernon 


ra Waa Sorte Chutes biemanan A 
cagheneninn Gs 


in both OTTERS and OTTERS The loner 
survival rases from a sarmadased ou — 


ws eenigne-Coreand, 
requart assistance from someone eth a far bu of rene FN 
nee developmen: or 
For comvemence wm use of the program a bnef lismng of references wo 


moxkfx anoms of the program need to be made © 


with fir berths a: shows 46 months of age 
manua en hme at 6 months of 

are 18 5 beeen, 
a} 
a Aon 10.5 and 


OB) comerods che came of encrmase of the 


paremewr 
91) and a largely artewary chowe that probably canner be 
checked unm a great deal more daa on i ges at fire pregnancy became avariatle The chor 
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aes (A) commrots the masamum rea of oct here 06 0.90. As 
a ey appear tat about 60-90% of mature female se 4 omer 
sens hat of wach ae fein Sct i ees wae res 

os months of age. the rae of burt of fermmaie young (0 4 w 0 
survival from © 6 mons of age. whack is on the order of Sus 
Gece. 7.4, 9.5). the svailabie Gaca place he reproductee (A)ina 
of sbow 0.2 w 0.) Due w the need © imcorparme am che final 
(Sec. 9.8), we set A=O.30. thus yiekding an annual rane of increase of abou 4% 


On1 04). 
The neat set of t be considered (F D.E.S1. and S$) 
for males at the lower lef! sade of the 
on mt 
shape of the made of the |, and m, curves 
ray my Sen rie ses a Ss 
ver esas that fi the daca 
le ed atl a dmetabe ‘y 


jus above 
Teo of 

survival thus 
91) As Gtscussed in Sec 
"6 emamangw 8 
an adel: 


comrol survival rases The only esnenaie of survival (F) 
wructure Gata and is discussed in Sec 7 4 
when oners actueve the adult survival rates (5 


females, $1 for males) Since so 8 known about an this we have 
See 18 months of age (age class |) and the extra losses 
of the early pened apply wm the year afwer weaning as weer even in the 


(3!) comes fromm the 
raw wm Alaska we 
survival rases observed there be 


ty that need to be 
concert density dependence 


and are discussed in Sec 9 8 We sugges! maantasmng the 
value of Z7 (11) presendy but ncme that the samme what more Conservative values 
1 tee he tesued in applicanons of the maxte! (these are more conservar ve 
a reduced popwlanar ei! recover mort slowly of lower values of 7 are 
ee eee populanon wze etch we arbetranly set a 
is om the order of | 7 (100 as estamnaied 


t© comsader 
1987) 


comes as “Got maps” (eg. 

6) Presumably dus Gata can be used to rough! y 
to those of the Areas far wha 

are needed Runs of the mextels eich © ” (constant) 

(amd mo oe) spall mortality) can then be weed to arrive at values of asyrnpiote 


(K) for each spreadsheet 


| 


program (UNIMAK) is unlized. « will supply an esmmane of } for 
esnmais Otherwise. a few manuies of aerapor of the 


to the right is nearly wrery 
sums the CoOmmponents of 
Fe ae sate caper it de do ta 
on bracket and then make progress ve» 
may. or OAOEDE cl extay Cus Gan teeedenes 


LMBD ia oe. sructare (CX), 

aeuene an OSS, survival (SX) coleman ot the tap leh of 
wil agree woth those 

ipreadsherts 


if the parame al) correspond © the eo 
Wf a camtenanan of rears is weed that grves 2 stable age Gistribunon concentar © 
che younger age Classes (¢ g rases of the rype thar must wm Sowtheas! Alasha to y ic 


4 om the order of | 2) a ut possible that number: smaller than te lower hime utliard >) 
Classes (beyond | § or 
om the spreadsher: |r 
Gus can be evended by setting a precision 


Case «can be elarmenaaead by removing hearing ihe 
LX calwmns 


The material briefly describes the formulas weed on MUL TIPLA' 
ax wrnent weed © made! sea omer in Gis repon. le MULTIPLAN, each cell 
emery may be hesed an s formula of some sor Hence the cemple tabular outper of a in ge 


sp rtadsheet may represen 3 Septem en The basa meade! of T atte 

Tt checees 119) anes “OTTERS” a rere ter of for witha h che 
formulas can he by a command TYPLAN The essential 

flemments of these formulas are as 


C obweme 2 of the epreadsheet comams the m, values for equarkem 9 4) 


m, = All.  ®Ojenge Dee™.1)) (9 4) 
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The 


conpapondang aquanar Ge form used by MUL TIPLA' « chown op te folowing 
sateen a een af SELTWLAN ets Go Qommaton ~ iasued of on watens 


Soto iasoeeree 


Ow pomnae cf Oe formas a Oe 
~~ Reenadinis tds dpeumnediann,in,tsdoamenwts 


& 


aww = 
; 


‘@ 8 JCTTV { AT + 


ta | ~ CxP( ~B9( Cl - 1) -<CAGE))) °C - DOC OeP( CMC! ~1})~1)) 
oh *( | ~ CXP( ~ BOC MCI ~ 1) CAGE) ) ) °EP( DOC EPC Come ~1})-1)) 
toh *( | CRP( ~ BC MC] ~ 1) CASE) ) ) OEP - DOC DMPC LPM ~1))~1)) 
saa? | OP -9°( Wel - 1} CARE) )) “OPK -D*COMPCERC! - 1 |)- 1») 
sh | CC RC. 1) Came) )) *OP( DC ORL CRC. t})-1)) 
sa ( | OPC BC RCI - 1) Came) )) > -D*C DEPL ERC! - |) )) 


6666" 


een 


251 ‘a | ~ O2P( - 6 °C BE) - t ) -Cae art ~ DOC CaP TOR « | 
-). eana (S(° 
Servrvorsing was calculated from ag ( )) 
iy = expt On Deets 1) o» 


and Oe correapondeng erares fror MLL TIPLA' arr 


) ‘1 
| swteh( («#)~( umes) etl -2)-0°( Gere eect ~2h)-9)) 
oLEP( (1) ~( LCS) ) ORE] ~ 2) - DOC eP(CPMe]~ 2))-1)) 
oEEP( ( ~F)~( dS) ) ORE] ~ 2) - DOC CP COME] ~ 2))~1)) 
ofEP(( ~F)~( LS) ) ORE] - 2) - DOC CPC EeeC] ~ 2))~1)) 
oLeP( («1 )~( LCS) ) ORC] 2) -°( CePC eee] ~2))~1)) 
oCEP(( 1) ~( LCS) ) ORE] ~ 2) -D OC CaP eee ~ 2))-1)) 
EPC ( -f)~( LS) ) OR] ~ 2) -D °C CaP Comey ~2))~1)) 


~@eeFenAae@ent ~ 
oer e+ + + + 


_ 
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Teas reo seu of wadues O, and om, ae weed © German cee of moan from Lines: 
Se atall 


- 
i«elLe*ian, on 
. 


wt ey ee ee of Ge MULTIPLAN uitte 
le cotume 4 mdwedua cCakwlatom ant performed cummed for equate 4 

wr LMBD=" As aerveve stun @ wand © ote 6 value of LMBD deacrited eice | 
and the cade age Gemmbwuem cakcwlasnd from oohume § umang Ow forme 


&*Be*y oz 
Here \/B us the cum of Oe @ colume § mace, a8 © 
tet Saf Tutte 11.1 os Gus dhuoky Papertond w ockare 
CALCULATION FOR 
LOTKA FQUATION DivisoR FOR STABLE 
4 | 
tts Count 


Leo Le | Loe“ 
#(LMBD"- @Cl 4] ) RC] - 2) 
(LBD - Ol -4])°mCl~2) 
o( LBD" - MC] -5))°MCT~1)°MCI~2) (LBD - acl ~a])eRcl~2) | 
#( LPO" - Cl -5])°MCl-1)emcl~2) @(\reo"-acl~a])eecl~2) | 
o(LMBD"- OCI -5])°MCl-1)°MCl~2) @(. reed" ~ acl ~<]) em] ~2) 
o(LPBD"- OC -3)) MET ~1)°MCL-2) of Led" - acl ~4]) eMC] ~2) | 
o( LBD" OC] ~ 5) 9M ~ 1) RC] ~ 2) @(LreD"~ acl ~ a] earl ~2) 


The reenmenng (alowlanems tw wbie produce Ge qari set umer of | cmb a 6 mgumtn 
fromm che formeia marked aerancn functem twee 


74 


LOOK-UP FUNCTION (REFERS To TABLE) 
9” ADE UPAR ETOT- 1) Tasit) 
‘ ove 
Lie ham TERN), RT ebb Une sary) ITERATION 


ITER COUNT <OR( ABS( BTOT- 1) <0 OOOOS) CRITERION TO _ 


LP) Lare Leeoeus TERM ITERATION 
#( LPR" - al - 4) eel . 2) —_ 


Ome other teamare of he MULTIPLAN értads wort 
mendel wand w Conroe! density dependence uw OTTERS } and 


' 


gems - 
ss : 


t 
el-(atyo? el-(( 8 «eek a) 97 
PCR OM 1K) ofl Ol. 106.0 Of 1b) 
w! u2 


oR ESSEESRRSRESSfapapecccigmeansssagectec ts Scope ocSegy SS5550005 SSS SHEERESRRRSR SS ageess eso 
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LLU BASIC program (UNIMAK) compsponding to MULTIPLAN made) 


Roteion6 a See. SG Sgrpneeen anek CS Se) on eee eeeanaee 
of the other models. and also serves to show the concurrence of the spreadsheet 
with the BASIC program mode! innally developed as discussed in Sec 92 The program 


is shown below 

The two programs essennally the same results for the used in OTTERS. 
ek ee he ee ey oners (all consdered to be 

UNIMAK (BASIC program) 

17172 17172 

17175 17173 

17178 17175 

17181 17176 

17183 17178 

17186 17180 

17187 17182 

17188 17184 

17189 17186 

17191 17188 


The small differences .. + two seu of output are likely due to a slightly differen: approach 
to rounding off fracvonal individuals in the two programs. 


LINIMAK BASIC Janguage program for sea one: prosecuon mode) 


10 REM POPULATION GROWTH WITH LESLIE MATRIX. 

STARTING WITH STABLE AGE STRUCTURE AND CHANGING FIRST CLASS 
20 REM ESTIMATES R FROM L(X)M(X) CURVE USING COMPOSITE CURVE 
30 REM RUNS UNTIL STOPPED... STORES TOTALS AND SQUARES 

& DEM V(S0) 1.(50) MSO) CCS) NSO) RESO) ¥ (SO) 

80 REM PARAMETERS 

9 REM ADULT REPRODUCTIVE RATE 

100 A= 226 

110 REM RATT OF APPROACH TO MAXIMUM REPRODUCTION 

120 Be2 

130 REM AGE OF FIRST REPRODUCTION 

140 Ce} 

190 REM SENESCENCE 

180 B= 238) 

190 De 04526 


390 REM LOOM(X) CURVE 
32D MACK eA (1 EY CK CE OE XPYE* XK) 1) 
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520 F Ri<i THEN Sa 


53 ReR-Di 
$40 Riad 

$30 GOTO 350 
540 ReR D) 
570 Riad 

$80 GOTO 350 
590 PRINT “Re” RSM Ri 

D PRINT “So” EXPO) 

690 REM BIRTH RATE PER CAPITA 
620 Biad) 

630 FOR K=O TO W 

640 BheB 1 EX ROK PLO 

650 NEXT K 

0 Bini! 

670 REM AGE STRUCTURE 

680 FOR K=O TO W 

690 COD 8 1° EF RP XPLOD 
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1905 FF N= 1986 GOTO 1120 
1180GOTO 
1129 STOP 
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scons funn a A 


Thus wat used © find a 
cisieem l couare veies fer Ons of Oo 


funcnon iIpje 
ey one, 
as Gemcribed in Sec. 7.2. Whee 2 coin 


was loca a cuncr 

of the program was used w 
pnm owt observed and age 
structures, as shown in 73. 


TA 99,19,20,33,37 34,32,33,28 
DATA 21.29,18,17,13583,.22 


POR T#i3 TO 15 STEP 2 
160 FOR S«3 TO 5 STEP 2 


230 FOR X=4 TO 18 
240 L{X)*EXP( -G*X-D*°EXP(E*X)-1) 
250 LieL1 oLiX) 

270 NEXT X 

300 FOR X=4 TO 18 
310 COX)=LOCVLI 

320 NEXT X 

390 S20) 

340 FOR «4 TO 18 

380 $2«$2+O.1) 

390 NEXT I 

410 C290 

420 REM CHI-SQUARE 
430 FOR i«4 TO 18 

440 Ei«S2°C(1) 

430 Ci «((O1)-E1 2 ye! 
4 C2eC2+C I 

470 NEXT I 
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Sveneamiceee God 


s 


meen OPEN CLIP’ FOR OUTPUT AS #1 


=~ 


described un Sec 


formadamon of 


Te\Ty ST)" 


i 
thik 


° 


TA WILD QAR 


£ 
i 
ref 
88h 


S 

RE 
EL 
ag Sikhs 


7 
id, 


itis 


5 


| 
; 


at 
sibeeas 


a: 
- 
e: 
1%6 
' 


i 


if 


rl) 


ati a 


: 
: 


3 


RERSRRES eeseeeens 


~ cc 


. 
” 


“ 


— 


Ee 


i 


ESSRARAESSSISSETSSESRRS 


| 


: 


Stone 


10 REM REPRODUCTIVE CYCLE 
20 DIM | 

30 DATA. 1,.38,.33,.35 
35 DATA. 

4 FOR I+! NEXT! 
30 FOR i«7 TO 18 

@ READ O17) 

70 NEXT I 

80 FOR lel TO & Y= O5:NEXT I 
% FOR 10 


uss 
BF 
3d 


FOR «7 TO 18 


051.096, 106,113,107. 1,085,043 
35 DATA 045.082, 062,066 
1S:Di T= 0167 NEXT |! 


130 POR Ie4 TO 15 

140 Y(T) Y(1-1)+DT)-Dd-3) 
190 S$«S$S$+((Y(1)-Oct) 2) 
160 LPRINT USING ‘#* “\) 
170 LPRINT USING * #00 
“YR_ODDD 

180 NEXT I 

190 LPRINT 

200 LPRINT “SS«",S5 


@ DATA 608,609 621 630,631 637,744 
70 FOR te) TO 2.FOR Joi TO 16 


90 NEXT J NEXT i 


100 REM BOOTSTRAP 
12 RANDOMIZE TIMER 
105 FOR te! TO 300 LOOP 
110 KO S10 NID 

120 YeRND 

13 YeCINTII8*Y) 

140 F Y>16 GOTO 120 
145 F YO) GOTO 12 

13% KeKe! 

160 SieS1+A(1Y) 

170 NieN1+ACLY) 

18 F K<16 GOTO 120 
19) S2e( 14S 1/N 1) 365 
200 PRINT $2 

210 WRITE #182 

220 $«§+S2 

28 $3«83+82"2 

240 KieK i+! 

290 NEXT I END LOOP 
260 $4«S/K | 

770 $5«S3-S*2yK! 

775 $$5«SS54(K 1-1) 

280 PRINT "MEAN«",S4 
290 PRINT “VARIANCE@".S5 
300 PRINT “TOTAL«".K! 
510 CLOSE @1 


scialfionasedaaaeseil 


10 REM BOOTSTRAP FOR AGE DATA 


Tar 


af 
idl af ai 3 
Om ii iia 
fe asiieescant: 
RRSEZESE 2 RASKSVTHKESHAAILRSL SELLE 
; & 
a! ee g 
: Ee : 5 as 
nf 
de itl a a 


(S\Kei 


3279399999 
Se 
x 


S 
& 


SESIESESUSSSERIESSESERSESEEE 
: 


: 
aE 
3 


$20 

530 PRINT 
540 NEXT 
570 REM 
700 


TE 
Ash 
a 


1580 $4«52-451°2/T1) 

1590 $4<54/1T1-1) 

1600 S7«SS/T2 

1610 $8«$6-($°2/T2) 

1620 58«S8T2-1) 

1630 PRINT “BOOTSTRAP ON 
CALIFORNIA FEMALE AGES” 


1-S)(KeolpsKei yl - 


1640 PRINT “MEAN SURVIVAL+"|S) 


22.15,12.85,12.2,10.15,13.65,11.05,19 
419 DS ASBA2213.4,13.2 
70 DATA 
23.4,16.25,16.3,11.1,13.7,16.3,19.6.12 
85,12.65,10.55,14.15,11,7.5,9 95 
@ DATA 


233,.769..278,.204,.073,.137..714, 303 


, 167,356,094, O94..167,.13 
DATA 

147.5, 128.062.0635, 149,.4,. 141,10 
1..411,.076,.27 

100 POR lei TO 262F AD MITPNEXT | 
110 POR le! TO 2G READ WIT) NEXT I 


140 POR le! TO 300 LOOP 
19 KO WMO WTO 

170 YeRND 

180 YeCINTQS*Y) 

190 F YO GOTO 170 

20 FF Y>26 GOTO 170 

210 KeKe! 

220 WMeWMeWYyMyY) 

2 WTeWTewry) 

240 FF K<26 GOTO 170 

250 XeWM/WT WEIGHTED MEAN 
255 Xi2/X ‘ ESTD ANNUAL 
REPROD. RATE 


180 F K<15 GOTO 120 
19 Set 14S 1/1965 | SURVIVAL 


170 NieN}+A(..Y) 


770 $5«S3.(S*2yK! 
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Saf 
fe re 
aua8 5 gf EF 
ee. a: rae a3: | bef 
xe —2-6F- 2-2 as 
Tt S288 a \ as ue ues SEH 
nSanseaesses SRF SSRoReAnszz 


i 


: 


: 
5 
: 


8 
| 


é 


SSeeeuE5 
aux 


100 Y 

10 F YO w~ 
120 F Y>72 GOTO W 
130 KeKe! 

140 

ine ~ 
160 PRINT $/72 

165 WRITE 

170 SieS! 

180 

1 


30 FOR be! TO 18):All)*1 NEXT! 
4 FOR }o1 84 TO 708 A(T) NEXT | 


120 F Y>708 GOTO @ 
1 KeKe! 

140 SeSeAlY) 

190 F K<708 GOTO 
140 PRINT $708 


165 WRITE #1 S708 
170 Sia 1 +6708 
180 $2«82«(8/708)*"2 

1 KieKi«! 

200 NEXT I 

210 $3«82451°2/K1) 

220 PRINT “BOOTSTRAP POR EARLY 
SURVIVAL” 

2%) PRINT MEAN} SUK! 


. 

. 
rT 
ald 
ELE le 


10) Aw4 Me} AGE IST REPROD. 


AGE MATURITY 


110 FOR lei TON 


$2 
ta 


a it ; 


: in 


RES 


Ly(ea.tyrM) SURVIVAL 


120 INPUT #1, B(L td) EARLY 


i. ie 
ities 
bees SSRRISSESES 


- 
ie 


bb 
a 


7 
Hie 


‘ SURVIVAL 


iilinhl 


Po 


24 Kihei A*l)) 
2 Sh gare 


ari 


f 


a33333 


Reece 


30 DIM Bi4 |G0D) 


«ales 
ee 

$283 2 

25 | 
: r 
AEE: 
bist f8 17 
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Ooms 
Atad@e 


cade of Owe 


ade Rentnatous edie” 
oe 
ed Or anweme 

emaler steae ad 


eT Rs oe ewig 
Lede equates A) The ome o” 


increase & “LMED" ( « &) and Ge cmry 
eR teed ey 
eq (|), whack @ wrthun » email range 
SS ae 
COUNT’ firw ) cohumns af the mane 
tendy of Ge abe Comat ages ard Ow m, 
and |, curves green by ages (9 1) and 
94 Coke & Commer the Compemner oa 
of che Lemkas equance 9g 9 |). surmmeng 
ee ey oll 
seer a the bomen of te column 
* (omens nom’ few Ow cuntue 
ag? Sarmtwuer green em ockumme 6 
(catowlaed from eg (9 2)) The fina 
Lohwmnen shows ondredual age ape stk 
cure a ee 
iy * bea care COMP POMenE of 
ne aie are Come by he 
2 These - 
! equates: ar he 
a aeenian aomned a LALA 


Table 11.1 Example of output for sea offer model 


+} Hib iid 


a4 PECREC CEC ER EEEGEEEEE : Hat 
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Table 11.3 Oner population mode! wih A=-0.30 to give increasing populsiion 
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